Abstract-To evaluate whether angiogenic factor levels correlate with preeclampsia-related adverse maternal and perinatal outcomes in women with twin pregnancy, we studied 79 women with suspected preeclampsia in the 3rd trimester. Antiangiogenic soluble fms-like tyrosine kinase-1 (sFlt-1) and proangiogenic placental growth factor (PlGF) were measured at presentation on an automated platform. An adverse outcome was defined as hemolysis, elevated liver enzymes, and low platelets syndrome; disseminated intravascular coagulation; abruption; pulmonary edema; cerebral hemorrhage; maternal, fetal, and neonatal death; eclampsia; acute renal failure; small for gestational age; and indicated delivery. All outcomes were ascertained 2 weeks after initial evaluation. Key Words: angiogenic factors Ⅲ twin pregnancy Ⅲ preeclampsia Ⅲ adverse outcomes P reeclampsia is a pregnancy-specific hypertensive disorder with an overall incidence of 5% to 8% among all pregnancies.
P reeclampsia is a pregnancy-specific hypertensive disorder with an overall incidence of 5% to 8% among all pregnancies. 1 Preeclampsia/eclampsia (characterized by seizures related to preeclampsia) accounts for more than 50 000 maternal deaths worldwide each year, 2 and it is the second most common obstetric cause of stillbirths and early neonatal deaths in developing countries. 3 It is a major cause of iatrogenic preterm delivery in developed countries. 4 Women with twin gestation, which account for 5% of pregnancies in the United States, are at increased risk for the development of hypertensive disorders of pregnancy, with a reported incidence of 12.9% to 37%. The incidence of preeclampsia is 2 to 3 times higher for women with twin pregnancies than for women with singleton pregnancies. 5, 6 Preeclampsia is thought to be a placental disease characterized by inadequate trophoblast invasion of maternal spiral arteries leading to release of systemic factors that are responsible for the maternal syndrome. 7, 8 However, uterine artery Doppler abnormalities reflecting placental vascular disorder are typically not seen in twin pregnancies when associated with normal fetal growth. 9, 10 Moreover, there is no increase in hypoxia in placentas from the twin gestation compared with singletons when there is no concurrent fetal growth restriction. 11 Recently, angiogenic imbalance has been shown to be present in women with preeclampsia. Specifically, levels of the antiangiogenic protein soluble fms-like tyrosine kinase-1 (sFlt-1) are elevated, and levels of proangiogenic proteins, such as placental growth factor (PlGF), are reduced in women with preeclampsia. [12] [13] [14] [15] Women with twin pregnancies have levels of sFlt-1 that are twice those of singletons 11, 16 ; however, the elevated levels of sFlt-1 are not associated with primary placental pathology, but rather are caused by increased placental mass seen in twins; this possibly leads to the increased risk of preeclampsia seen in these patients.
Prediction of adverse outcomes among women with preeclampsia remains a challenge. 17 In a recent, large, international study evaluating multiple clinical parameters to develop a model to predict preeclampsia-related adverse outcomes, Von Dadelszen et al showed that the model predicted adverse maternal outcomes occurring within the first 48 hours after eligibility, with modest predictive values up to 7 days. The number of patients with twin gestation was small and their data were not presented separately. 18 In another study, Klien et al looked at whether the uterine artery pulsatility index at 20 to 22 weeks gestation could predict adverse outcomes in twin gestation. They found that an increased mean lowest and highest pulsatility index is associated with a higher risk of preeclampsia and adverse pregnancy outcomes. 19 However, the obvious limitation of any ultrasound test is availability of the equipment and inter-and intraobserver variability, depending on the experience of the sonographer.
Angiogenic factors have been shown to have prognostic value in patients presenting for evaluation of preeclampsia. In a retrospective study, Romero et al showed that levels of proangiogenic and antiangiogenic factors in triage supported the diagnosis of preeclampsia; however, twin pregnancies were excluded. 20 We have recently shown that among women with a singleton pregnancy presenting to obstetric triage for evaluation of preeclampsia, levels of sFlt-1 and PlGF were not only related to the diagnosis of preeclampsia, but also predicted preeclampsia-related adverse outcomes within 2 weeks. The ratio of sFlt-1/PlGF out-performed all clinical and laboratory data currently used to predict adverse outcomes. 21 In addition, these proteins were measured on an automated platform requiring small amounts of sample volume, and results are available in minutes, making use of angiogenic factors in this clinical scenario feasible.
The purpose of this study was to evaluate the role of angiogenic factors for prediction of adverse outcomes in women with twin gestation who present for evaluation of preeclampsia. We hypothesized that, similar to singleton pregnancies, angiogenic proteins can be used for risk stratification and prediction of adverse outcomes in women with twin pregnancies.
Methods

Study Design
This cohort came from an ongoing prospective cohort study evaluating the role of angiogenic factors in women with suspicion of preeclampsia, which is described in detail elsewhere. 21 In the present study, we included all women with twin pregnancies who presented to Beth Israel Deaconess Medical Center in Boston, MA, and who were evaluated for preeclampsia from July 2009 through August 2011. These women were either referred by their obstetric provider because of signs of preeclampsia or they self-presented with symptoms of preeclampsia. The need for an evaluation for preeclampsia was determined by a primary care provider (registered nurse practitioner, or resident or attending physician). Indications for evaluation included: elevated blood pressure; proteinuria; or any symptoms 
sFlt-1 and PlGF Assays
Automated assays for sFlt-1 and PlGF were performed at the clinical laboratory of Charite Hospital (Berlin, Germany) using the commercially available assays on Elecsys platform (Roche Diagnostics) as previously described. 22 The interassay coefficient of variation for sFlt-1 and PlGF immunoassays ranged from 2.6% to 3.0% and 2.0% to 2.4%, respectively. The assay operators were blinded to the clinical information of the participants. All assays were performed after the diagnosis and outcomes were ascertained for each participant.
Diagnoses and Outcomes
Determination of clinical diagnoses and adverse outcomes was based on information collected from the time of presentation through the subsequent 2 weeks. The diagnoses of preeclampsia, gestational hypertension, and chronic hypertension were based on standard criteria endorsed by the American College of Obstetricians and Gyncecologists. 1 An adverse maternal outcome was defined as the presence of hypertension (blood pressure Ն140/90 mm Hg on 2 occasions, 2 hours to 2 weeks apart) plus at least 1 of the following: elevated aspartate aminotransferase (Ն80 U/L) or alanine aminotransferase (Ն80 U/L), platelet count Յ100ϫ10 9 /L, disseminated intravascular coagulation, abruption (clinical and/or pathological), pulmonary edema, cerebral hemorrhage, eclampsia, abnormal renal function (creatinine Ͼ132.6 mol/L), or maternal death. 23 The adverse fetal/neonatal outcomes included iatrogenic delivery for hypertensive complications of pregnancy as reported by the primary obstetrician, small-for-gestational-age birth weight (Յ10th percentile for gestational age), abnormal umbilical artery Doppler (absent or reverse flow), fetal death, and neonatal death (in either twin). 23 Diagnoses and adverse outcomes were adjudicated by 2 study staff before availability of assay results.
Statistical Analysis
All analyses were conducted using Statistical Analysis System (SAS 9.3; SAS Institute) and STATA (version 12). Data are reported as meanϮSD, median (interquartile range), or proportion depending on data type and distribution. Parametric and nonparametric tests were used as appropriate. All tests were 2-sided and probability values Ͻ0.05 were considered statistically significant.
The sFlt-1/PlGF ratio (value of sFlt-1 measured in pg/mL, divided by the value of PlGF measured in pg/mL) was used as a measure of circulating angiogenic imbalance, based on previous studies showing that this marker was most accurate in discriminating women with and without preeclampsia. 24, 25 To determine the clinical utility of the sFlt-1/PlGF ratio in prediction of adverse outcomes, we used receiver operating characteristic analysis, which employed logistic regression to calculate the area under the curve and the associated 95% CIs. We performed this analysis for individual predictors, such as blood pressure, proteinuria, and sFlt1/PlGF ratio, as well as for combinations of predictors. Confidence intervals that include 0.50 suggest that the predictor or set of predictors are no better than is randomly guessing which women will develop an adverse outcome within 2 weeks. The Spearman correlation coefficient was used to assess the association between sFlt-1/PlGF ratio and pregnancy duration from time of evaluation for preeclampsia to delivery.
Results
Demographics and Clinical Characteristics
From July 2009 through August 2011, 95 women with twin gestation were evaluated for preeclampsia. Six women were excluded (3 women had no sample available, 2 women had no preeclampsia evaluation performed, and 1 sample was postpartum). Ten women declined consent. A total of 79 women were analyzed with a median maternal age of 33.0 years Women who did and did not experience an adverse outcome in the 2 weeks after presentation were similar with respect to age, body mass index, race, ethnicity, smoking history, and history of chronic hypertension, renal disease, and diabetes (all PϾ0.09). Baseline participant characteristics are presented in Table 1 for the full cohort and are stratified by incidence of an adverse outcome.
Although the cohort's median gestational age at presentation was 33.9 weeks (31.9 -36.0), the women who experienced an adverse outcome presented at a later gestational age of 35.0 weeks (33.2-36.3) than the 32.1 weeks (28.4 -33.6) in women who did not experience an adverse outcome (Pϭ0.0003). Women who had an adverse outcome had higher creatinine, higher uric acid, and a lower platelet count (all PϽ0.004) at the time of evaluation for preeclampsia. Interestingly, the groups did not differ with respect to highest systolic and diastolic blood pressures and proteinuria. Mode of delivery did not differ between the 2 groups (Pϭ0.32), but delivery mode was unknown for 2 women in the group without an adverse outcome who were transferred back to their primary hospital. The pregnancy duration from time of evaluation for preeclampsia to delivery was shorter in women who developed an adverse outcome (3.5 days) compared with in women who did not develop an adverse outcome (14.5 days; Pϭ0.0006). Results of the initial clinical evaluation and delivery outcomes for the full cohort and stratified by incidence of an adverse outcome in the 2 weeks after presentation for preeclampsia are presented in Table 2 .
Diagnosis and Outcomes
Forty-six women (58.2%) were diagnosed with preeclampsia during the 2-week period after the initial visit. In addition, 4 women (5.1%) had chronic hypertension, 12 women (15.2%) had gestational hypertension, and 12 women (15.2%) had no hypertensive disorder. Among the women diagnosed with preeclampsia, 28 women (60.9%) had mild preeclampsia, and 18 women (39.1%) had severe preeclampsia or hemolysis, elevated liver enzymes, and low platelets (HELLP) syndrome.
Among the 52 women (65.8%) who experienced an adverse outcome within 2 weeks of presentation, the most common adverse outcome was indicated delivery, which occurred in 47 women (90.4%). Six women (11.5%) developed HELLP syndrome, 13 women (25.0%) delivered at least 1 small-for-gestational-age infant, 1 woman (1.9%) had pulmonary edema, 1 woman (1.9%) experienced a fetal death, and 1 woman (1.9%) experienced neonatal death. There were no maternal deaths. Of the 47 indicated deliveries, 13 deliveries (27.7%) occurred before 34 weeks of gestation and 39 deliveries (83.0%) before 37 weeks of gestation.
Plasma Angiogenic Proteins and Adverse Outcomes
Women who ultimately were diagnosed with preeclampsia had a significantly higher median sFlt-1 level (Pϭ0.01). Although not statistically significantly different, they also had a higher median sFlt-1/PlGF ratio (Pϭ0.052) and a lower median PlGF level (Pϭ0.23) compared with women without a hypertensive disorder. A similar pattern was seen when comparing sFlt-1 and PlGF levels in women with gestational hypertension with women without a hypertensive disorder; however, none of the differences were statistically significant (all PϾ0.75). There were too few patients with chronic hypertension (nϭ4) to conduct a meaningful analysis. Similar trends were seen in women presenting Ͻ34 weeks. Levels of the angiogenic proteins stratified by hypertensive disorder are shown in Table 3 and 4.
Among women who experienced an adverse outcome within 2 weeks, the median sFlt-1 level was significantly elevated (Pϭ0.0004), the median level of PlGF was lower (Pϭ0.005), and the median sFlt1/PlGF ratio was higher (Pϭ0.0003) compared with women who did not develop an adverse outcome (Table 3) . Similar patterns were seen in women presenting Ͻ34 weeks (Table 4 ) and when comparing women who experienced the most common adverse outcomes-indicated delivery, delivering a small-forgestational-age infant, and HELLP syndrome-with women who did not experience an adverse outcome (Figure) .
In addition, nulliparous women had higher sFlt- and were more likely to develop adverse outcomes. The relationship between sFlt-1/PlGF ratio and adverse outcomes remained significant even after adjustment for parity and gestational age at presentation (Pϭ0.002 for all subjects and Pϭ0.009 for subjects Ͻ34 weeks).
Models for Prediction of Adverse Outcomes in 2 Weeks
When evaluating predictors individually, the area under the curve was greatest for the sFlt-1/PlGF ratio and gestational age (0.75 for each), whereas highest systolic blood pressure, proteinuria, and alanine transaminase alone were no better than was a random guess at predicting which women would experience an adverse outcome within 2 weeks. The most favorable results were seen with the combination of the sFlt-1/PlGF ratio and gestational age (0.83), as well as the model that included these 2 predictors along with the highest systolic blood pressure and proteinuria (0.85). A similar pattern was seen among women Ͻ34 weeks on presentation. The area under the curve and the 95% CIs for the full cohort and for women presenting at Ͻ34 weeks of gestation are shown in Table 5 .
Ratio of sFlt-1/PlGF Ͼ85 has been validated as the optimal cut-off for the diagnosis of preeclampsia in previous studies in singleton pregnancies. 21, 24 Among women presenting at less than 34 weeks gestation, the sensitivity of this cut-off was 61.1% (95% CI, 35.8 -82.7) and the specificity was 90.9% (95% CI, 70.8 -98.9). Using a cut-off of 75, the sensitivity was 77.8% (95% CI, 58.6 -97.0) and specificity was 86.4 (95% CI, 72.0 -100.0). Among these women, the risk ratio for developing an adverse outcome was 3.26 (95% CI, 1.66 -6.43) for a cut-off of 85 and 4.74 (95% CI, 1.89 -11.85) for a cut-off of 75. A higher sFlt-1/PlGF ratio was also associated with a shorter duration of pregnancy from time of presentation to delivery. The Spearman correlation coefficient for this association was Ϫ0.25 (Pϭ0.03) for the full cohort and Ϫ0.36 (Pϭ0.03) for women before 34 weeks of gestation.
Discussion
In this study, we examined the role of angiogenic factors as predictors of adverse outcomes in a cohort of women with twin pregnancies being evaluated for suspected preeclampsia. We found that within 2 weeks of evaluation, an adverse outcome occurred in about 65% of women, and we identified the sFlt-1/PlGF ratio as the strongest predictor of adverse outcomes alone and in combination with clinically available measurements. We also found that the sFlt-1/PlGF ratio was inversely correlated with duration of pregnancy from time of evaluation to delivery.
In our cohort, we identified that traditional clinical parameters and tests used in triage, such as blood pressure measurement, proteinuria, and abnormal liver enzymes are poor predictors of preeclampsia-related adverse outcomes among twin pregnancy; this is consistent with previous reports. 17 The sFlt-1/PlGF ratio as a marker of angiogenic imbalance has been used in previous studies as an antiangiogenic index; hence, we used this in the present study. 24, 26 We found that sFlt-1/PlGF ratio alone is the single best marker for prediction of adverse outcome with sensitivity similar to gestational age. Given that the most common adverse outcome was indicated delivery, which is partially dependent on gestational age, it is not surprising that gestational age by itself is a good predictor. However, our study was performed in an urban tertiary care center where gestational age is very well documented. If this information is not available, calculation of gestational age in late pregnancy is very inaccurate. The fact that sFlt-1/PlGF is an independent marker of adverse outcome regardless of gestational age will make it a useful test in situations where accurate information about gestational age is not available, such as lack of prenatal care and no previous early ultrasound.
Other interesting finding of the study is that sFlt-1/PlGF ratio alone is a better predictor of adverse outcome than are traditional measures used for evaluation, such as blood pressure, proteinuria, and uric acid either alone or in combination. We also found that sFlt-1/PlGF ratio is inversely correlated to duration of pregnancy from evaluation to delivery. These findings are similar to those in our study evaluating the role of sFlt-1/PlGF ratio in singleton pregnancy. 21 Interestingly, in our study, normotensive women carrying twins had approximately 2-fold-higher circulating sFlt-1 and 3-fold-higher sFlt-1/PlGF ratio (Table 3 and Table 4 ) than did normotensive women with singleton pregnancies. 21 This increased circulating antiangiogenic state may be one mechanism for the increased risk of preeclampsia noted in women carrying twin pregnancies. We also found a 2-fold-higher circulating sFlt-1/PlGF ratio in nulliparous women compared with in multiparous women. These findings are similar to previous reports in singleton pregnancies, suggesting common pathogenic mechanisms. 27, 28 Our study has important clinical implications. Use of a highly sensitive test for initial evaluation will help in appropriate risk assessment of women with twin pregnancies and suspicion of preeclampsia. This will help in appropriate management of patients with high sFlt-1/PlGF ratio in the form of prompt transfer to a tertiary care center, admission and use of betamathasone for fetal lung maturity in anticipation of premature delivery, and appropriate counseling of patients. Similarly, patients with low sFlt-1/PlGF ratio can be managed expectantly and we can avoid iatrogenic premature delivery in women at low risk for preeclampsia-related adverse outcomes and will be useful for resource utilization.
The strengths of our study include its prospective design, well-defined patient population, high rate of enrollment, high quality, and accurate data collection. All diagnosis and outcomes were ascertained before angiogenic factor assessment, which was carried out by technicians blinded to all clinical information.
Our study has certain limitations. The study was performed in a single center and is of relatively small size. Although we were interested in all preeclampsia-related adverse outcomes, we did not find rare, but meaningful, adverse outcomes, such as pulmonary edema, disseminated intravascular coagulation, and maternal deaths. Even if we were to increase the sample size, the rarity of these outcomes in our center makes it impossible to evaluate the role of angiogenic factors in prediction of such adverse outcomes. In addition, given that this was an observational study, the true effect of measurement of sFlt-1/PlGF ratio in management of women with twin pregnancy and suspected preeclampsia remains unknown. We also noted that women who went on to develop adverse outcomes were more likely to present at a later gestational age than were women who went on to have no adverse effects. This is likely related to the fact that women with suspicion of preeclampsia are usually delivered when they reach 37 weeks of gestation to avoid maternal or fetal complications. Future studies focusing only in subjects who present preterm (Ͻ34 weeks) and very-preterm (Ͻ32 weeks) are needed to evaluate whether these markers are useful for the expectant management of preeclampsia.
In conclusion, angiogenic factor measurements in women carrying twin pregnancies provides valuable diagnostic and prognostic information in the evaluation of preeclampsia in a triage setting.
Perspectives
Incidence of preeclampsia and related adverse outcomes is high in women with twin pregnancies. There is ample evidence that angiogenic factors are elevated in women with preeclampsia and correlate with adverse outcomes. In this cohort study, we found that sFlt-1/PlGF ratio was independently associated with adverse outcomes, whereas traditional assessment is of poor value. Assessment of angiogenic factors in these patients may represent a valuable addition to standard clinical assessment for the diagnosis, prognosis, and management on initial presentation. Additional studies are needed to validate these findings.
What Is Relevant?
• Patients with twin pregnancy are at increased risk of preeclampsia.
Measurement of angiogenic factors has increasingly been evaluated in women with singleton pregnancy; however, studies in twin pregnancies are lacking.
• Prediction of preeclampsia and related adverse outcomes is challenging because there are no tests that are sensitive and specific enough to be used clinically.
Summary
Our data have major clinical implications and provide an important step toward the clinical utility of the angiogenic biomarkers for accurate diagnosis, prediction, and risk stratification of subjects at high risk for preeclampsia-related adverse maternal and perinatal outcomes.
